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An air manager system for a metal-air 
battery. The system includes a housing for 
enclosing at least one metal-air cell with 
an air electrode. Tlie houshig also has at 
least one air inlet opening, at least one air 
outlet opening, and a fan positioned to force 
air through the openings when the fan is 
turned on. These openings are unobstructed 
and sized to eliminate substantially the air 
flow through the openings when tho> fan 
is turned off. The system also includes 
fan control means having voltage sensing^^ 
means to monitoij tte.yoltagf^; m 
electrode ami' tp^(^)aipte ^ii^l'"^ 
voltage reaches "p"'''''^'^'^^"^^*'-'* 
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1 0 AIR MANAGER CONTROL USING CELL VOLTAGE 

AS AUTO-REFERENCE 



15 Technical Field 

The present invention relates generally to a battery^f 
for electrical, power, and more particularly relates to an air- 
manager system for a metal-air battery- 

2 0 Background of the Invention 

Metal-air battery cells include an air permeable 
cathode and an anode separated by an aqueous electrolyte. 
During, discharge of a metal-air battery, such as a zinc-air 
battery; oxygen from die ambient air is converted at the cathode 

2 5 to hydroxide, zinc is oxidized at the anode by the hydroxide, and 

water andv electrons are released to provide -electrical energy, 
-^^^^lel^^^teferies have a relatively high energy density because 
5 -^^^e^cai^^Mlizes oxygen from the ambient air as a reactant in 
l^iftfe^^^^lwmical reaction, rather than a heavier material such 
r '3;^^^^^^t%pi$a metalUc composiUon. Metal-air battery cells are 
* ^^ftg#|^#gSi in multiple cell battery packs within a common 
housing to provide a sufficient power output. 

A steady supply of oxygen to the air cathodes is 
necessary to operat the metal-air battery. Some prior systems 

3 5 sweep a continuous flow of new ambient air across the air 

cathodes at a flow rate sufficient to achieve the desired power 
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output. Such an arrangement is shown in U.S. Patent No. 
4,913,983 to Cheiky. Cheiky uses a fan within the battery 
housing to supply a predetermined flow of ambient air to a pack 
of metal-air battery cells. Before the battery is turned on, a 
5 mechanical air inlet door and an air outiet door are opened and 
the fan is activated to create the flow of air into, through, and out 
of the housing. After operation of the battery is complete, the air 
doors are sealed. The remaining oxygen in the housing slowly 
discharges die anode until the remaining oxygen is substantially 
1 0 depleted. The residual low power remaining in the cells is 

disclosed as being sufficient to restart the fan the next time tiie#^;. 

battery is used. ^u^t'. 
To ensure that a sufficient amount of oxygen is swep^^- 
into the housing during use, Cheiky discloses a fan control means^^^ 

1 5 with a microprocessor to vary the speed of the fan according t^^g 

pre-determined power output requirements. The greater th«(^|' 
power requirement for the particular operation, the greater the 
fan speed and the greater the air flow across the battery cells.. 
Several predetermined fan speeds are disclosed according to r 
20 several predetermined power levels of the load: The disclosed 
load is a computer; The fan speed is therefore varied according 
to the power requirements of the various functions of the 
computer. Conversely, many other known air manager systems 
run the fanxontinuously when a load is ^Ued. 

2 5 In- addition to the need for a sufficient amount of 

oxygei^ another concern with metal-air batteries is the admission 
is^s^t^^^^much oxygen or otfier gasses through the housing. 
>^s5t^^^^^^»Qjjg problem with a metal-air battery is that die 

^ _„^^^ty level can cause the battery to fail. Equilibrium 

S^^P^^^^^i of die metal-air battery results in an equiUbrium 
' -^^^"fuffidity diat is typically about 45 percent. If the 
ambient humidity is greater than die equilibrium humidity widiin 
the battery housing, die battery will absorb water from die air 
through die cadiode and fail due to a condition called flooding. 

3 5 Flooding may cause die battery to leak. If die ambient humidity 
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is less than the equilibrium humidity within the battery housing, 
the metal-air battery will release water vapor from the electrolyte 
through the air cathode and fail due to drying out. The art, 
therefore, has recognized that an ambient air humidity level 
5 differing from the humidity level within the battery housing will 
create a net transfer of water into or out of the battery. These 
problems are particularly of concern when the battery is not in 
use, because the humidity tends to either seep into or out of the 
battery housing over an extended period of time. 
1 0 Another problem associated with metal-air batteries 

is the transfer of carbon dioxide or other contaminates from the^*j^ 
ambient air into the battery cell. Carbon dioxide tends t0T:.i^J;r 
neutralize the electrolyte, such as potassium hydroxide. In the:$ftj|;^^ 
past, carbon dioxide absorbing layers have been placed against th<^^r 

1 5 exterior cathode surface to trap carbon dioxide. An example c^^te^, 

such a system is shown in U.S. Patent No. 4,054,725. 

Maintaining a battery cell with proper levels of 
humidity and excluding carbon dioxide has generally required a 
sealed battery housing. As discussed above, prior art systems ' 

2 0 such as that disclosed by Cheiky have used a fan of some sort to 

force ambient air through large openings in the battery housing 
during use and a sealed air door during non-use. If the air door 
is not present or not shut during non-use, however, large amounts 
of ambient air will seep^ into the housing. This flow of air would 

2 5 cause the humidity and carbon dioxide problems within the 

housing; as; discussed above. The oxygen in the ambient air also 
.,.^^:^^i^^jht^ ceU to discharge, thereby leading to "leakage" 
' ':^|^i@e^i^^reduction in cell efficiency and lifetime. 
' ^^S^^^^flEven with the use of air doors, however, a certain 
3icfe^^^^J§oxygen and contaminates tend to seep into the cell 
^dulbg^^l^^ Some leakage current is therefore .inevitable. 
Although the air doors limit this leakage current and the other 
problems discussed above, the use of the air doors increases the 
complexity of the battery housing itself and increases the cost and 

3 5 time of manufacture of the overall battery. Another drawback of 
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a mechanical air door is the fact that the door must be opened and 
closed, thus adding several more steps to the use of the battery. 

The assignee of the present invention is also the 
owner of application Serial No. 08/544,707, entitled "Diffusion 
5 Controlled Air Door," filed October 18, 1995, now U.S. Patent 

No. , and application Serial No. 08/556,613, 

entitled "Diffusion Controlled Air Vent and Recirculation Air 
Manager for a Metal- Air Battery," filed November 13, 1995 
(attached hereto as Exhibit A). These references disclose several 

10 preferred metal-air battery packs for use with the present 

invention and are incorporated herein by reference. The air inlet- - . _ 
and outlet openings in the housing are sized with a length in the 
direction through the thickness of the housing being greater than> : ■ . . ,.. 
a width in the direction perpendicular to the thickness of the : _ 

15 housing. The openings are unobstructed and are sized to:iv.;JJ,^r» 
eliminate substantially the air -flow into the air inlet opening andfe " > 
out of the air oudet opening when the fan is turned off. 

The use of the open air door battery housings 
simplifies the design of the battery as a whole and simplifies the 

20 use of the battery. In fact, these battery housing designs allow the 
metal-air battery to act more like a conventional battery, i.e., the 
battery is available for the given load without any additional 
activity such as opening; the air doors. The only requirement of 
these designs is that the fan: or other air movement device must be 

2 5 turned on to provide a sufficient flow of oxygen for the cells. 

" Thus, although these open air door designs are closer 
.-^Kt<|%e3^^f a metal-air battery that acts as a conventional 

a need in the art for a metal-air battery that is 
vvf l^el^S^^^iulating. Such a metal-air battery would be capable 
3iK' of^TO^mia^ both varying loads in an efficient manner and 
" " ex^ndSi^nbds of inactivity without the need for a mechanical 
air door or a separate switch for ±e fan. The lack of a 
mechanical air door, however, cannot lead to excessive leakage 
current, flooding, drying out, or the excessive absorption of 

3 5 environmental contaminates. 
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In sum, the desired metal-air battery would be used 
in an identical manner to a conventional battery in that all the 
user needs to do is attach and activate the load. The battery itself 
would need no separate activation. Further, such a battery would 
5 have an energy efficient and quiet air manager system. 



Summary of the Invention 

The present invention provides an air manager 
system for a metal-air battery. The system includes a housing for 
1 0 enclosing at least one metal-air cell with an air electrode. The 

housing also has at least one air inlet opening, at least one air . ^ 

outlet opening, and a fan positioned to force air through thej^^? > 
openings when the fan is turned on. These openings ^^t^::- ^ 
unobstructed and sized to eliminate substantially the air flov|gJp,^.^; ' 

1 5 through the openings when the fan is turned off. The system als^^^^^-Ji . 

includes fan control means having voltage sensing means t(k^ ""-^ 
monitor the voltage across the air electrode and to operate the fan 
when the voltage reaches predetermined levels. 

The fan control means turns the fan on when the ' 
20 voltage across the metal-air cell is less than or equal to a 
predetermined voltage. The fan control means may first 
determine if a load is present on the metal-air cell before the fan 
is turned on. Likewise, the fan control means turns the fan off 
when the. voltage across the cell is greater than or equal to a 

2 5 second predetermined voltage. The fan control means, the metal- 
air cells^,and the fan are arranged in a circuit. The voltage 



^>^eii^mg^(MiQS includes a voltage monitor. 



^^^P^jgecific embodiments of the present invention 



Jm^^^B^olt metal-air battery with five metal-air ceUs. Such 
Pl^^^an energy to load rating of about 230 wattAiours at a 
#d^#ra#of ibout 0.5 watt and about 220 wattAiours at a drain 
rate of about 1.0 watt. The predetermined voltage for turning the 
fan on is approximately 1.0 volt per cell, while the second 
predetermined voltage for turning the fan off is approximately 
3 5 1.1 volt per cell. The voltage monitor mms the fan on when the 
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voltage across the cell is less than or equal to approximately 1.0 
volt per cell. Likewise, the voltage monitor turns the fan off 
when the voltage across the cell is greater than or equal to 
approximately 1.1 volt per cell. 

The method of the present invention includes the 
steps of confining at least one metal-air cell with an air electrode 
within a housing. The housing has a fan. at least one unobstructed 
air inlet opening, and at least one unobstructed air oudet opening. 
The method further includes turning the fan on when the voltage 

3 across the metal-air ceU is less than or equal to a predetermined 
voltage so as to circulate the air through the housing, and tummgf^ 
the fan off when the voltage across the metal-air cell is greatecs . ^^^^ 
than or equal to a second predetermined voltage. The method^^-'t V 
may further include determining whether there is a load on tKe^ii.^| 

5 battery before mming the fan on when the voltage across the a^^|, 
electrode is less than or equal to the predetermined voltage. *> ? ^ 

Thus, it is an object of the present invention to 
provide an improved air manager system for a metal-air battery. 

It is . another object of the present invention tc 

0 provide a self-regulating air manager system for a metal-air 

battery. ...» 

It is a further object, of the present mvention to 

provide an air manager system for a metal-air battery without 

mechanical air doors. 
5 It is a stiU further object of the present invention to 

provide an air manger systems for a metal-air battery. with an 

i^pl^Slt is a stUl further object of the present invenUon to 
^^6^»an efficient air manager system for a metal-air 



il^^^W^ jj a still further object of the present invention to 
provide for an air manager system for a metal-air battery with a 

long shelf life. 

It is a still further object of the present invention to 

3 5 provide a quiet air manager system for a metal-air battery. 
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Other objects, features and advantages of the present 
invention will become apparent upon reviewing the following 
description of preferred embodiments of the invention, when 
taken in conjunction with the drawings and the appended claims. 

5 

Brief Description of the Drawings 

Fig. 1 is a cut-away diagrammatic top view of the 
battery housing embodying the present invention, showing the 
position of the cells, the fan, and the air openings, in combination 

1 0 with the direction of the flow of air with respect to the Jiousing. 

Fig. 2 is a vertical cross sectional view taken alon^^^--"; ■ 

line2~2of Fig. 1. -^5/^^- r 

Fig 3 is a diagrammatic pictorial view of.2^g^*| 

ventilation opening. 
15 Fig. 4 is a schematic view of the voltage sensdg 

circuit. 

Fig. 5 is a flow chart showing the operation of the 
fan based upon the detected voltage. 

Fig. 6 is a comparison chart showing the power 

2 0 consumption of an air manager system in a six (6) volts battery 

with several fan options. 

Detailed Description 

Referring: now ini more detail to the drawings, in. 
2 5 which like numerals refer to like parts throughout the several 
^yiewsy Eigfe, - 4 show a metal-air battery 10^ embodying the 
l^^^^tibn. The metal-air battery 10 may be similar to 
" i in commonly owned U.S. Patent No. 5,641,588 to 
al., commonly owned U.S. Patent No. 5,356,729 to 
,j al., commonly owned application Serial No. 
/commonly owned application Serial No. 08/556,613, 
which are incorporated herein by reference, or other known 
metal-air battery configurations.. 
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The metal-air battery 10 includes a plurality of 
metal-air cells 15 enclosed within a housing 20. The housing 20 
isolates the cells 15 from the outside air with the exception of a 
plurality of ventilation openings 25. In the embodiment shown in 
5 Figs. 1 and 2, a single air inlet opening 30 and a single air outlet 
opening 35 are utilized. The number of openings 25 is not as 
important as the aggregate size of the openings 25 in connection 
with the shape of each opening 25. 

The housing 20 itself may be any type of 
1 0 conventional, substantially air-tight structure. The number of 
cells 15 within the housing 20 depends upon the nature of the?^ 
load intended for the battery 10. The present invention is nots.*^ 
dependent upon the configuration of the cells 15 within the|.. 
housing 20 or the number of cells 15 within the housing 20r%v^ 

1 5 Figs. 1 and 2 therefore show a cu^away view of a metal-ai^^^^ 
battery housing 20 showing -only the essential elements of thet^^-^-^' 
present invention, i.e., a housing 20; one or more cells 15, and 
the air openings 25. Although only two cells 15 are shown in 
Figs. 1 and 2, it is understood that the number and configuration ' 

2 0 of the cells 15 depends upon the power requirements for the 
battery 10. 

A circulating fan 40 is provided for convective air 
flow both in and out of the housing 20 and to circulate and mix 
the gasses within die housing 20^ The arrows shown in Fig. 1 

2 5 represents a typical circulation of gasses into, out of, and within 
the>hQusing.20 to provide the reactant air to the cells 15. The 

-^^^1&*ea^^^^e fan 40 also depends upon, the size of the housing 
5ii»l^^^^wer demands of the battery 10. The term "fan" 40 
^^^fein is intended to mean any device to: move air. 

Ini^^^^^ump. 

■^f^»^^'Xhc fan 40 may be positioned within the housing 20 
or adjacent to the housing 20 in communication with one of the 
openings 25. If the fan 40 is located within the housing 20. the 
ventilation openings 25 are positioned such that the inlet opening 

3 5 30 and the outlet opening 35 are positioned on opposite sides of 



wo 99/16145 



PCT/US98/20021 



9 

the fan 40: The only requirement for the positioning within the 
housing 20 of the fan 40 and the openings 25 is that they are in 
sufficiently close proximity to each other to create a convective 
air flow into, through, and out of the housing 20. The fan 40 
5 may be mounted within or adjacent to the housing 20 m any 
convenient manner. The fan 40 is generally sealed into place by 
a gasket 41 or other conventional means to ensure that the low 
pressure and high pressure sides of the fan 40 are isolated from 

one another. n -.^ -.x.- 

10 As is shown in Fig. 2, the plurahty of cells 15 withm 

housing 20 are generally arranged such that a reactant air plenum. 
50 is positioned under the cells 15. The air plenum 50 defines- 
an air plenum inlet 55, an air passageway 60. and an air plenum. . 
outlet 65: The fan 40 is generally positioned between and 
1 5 isolates the air plenum inlet 55 from the air plenum outlet 65 for , 
efficient air flow through the housing 20. Examples of am., 
plenum designs are shown in the commonly-owned references 
cited above. As described above, the present invention is not 
dependent upon any particular air plenum design. 
20 As is shown in Fig. 3. the ventilation opemngs 25 are 

preferably sized such- that their length 26. i.e.. the direction 
through the thickness, of the housing 20. is greater than tfieir 
width 27. i.e.. the direction perpendicular to the thickness of the 
housing 20. By using a large enough ratio between the leng& 26 
2 5 and the: width 27 for the ventilation openings 25. it has been 
found that diffusion of air through the openings 25. without the 
^f^^^m the fan 40. is substantially eliminated. By 
' '^^^^m eliminated;" it is meant that the rate of diffusion of 
-^^^^bntaminates through the openings 25 is so slow that 
M^^sfer or dram current is sufficienUy small and has 
I#^&iable impact on the efficiency or lifetime of the 
battery 10. In sum. the openings 25 are sufficiently long and 
narrow to provide a barrier to diffusion of gases therethrough 
when the fan 40 is turned off: 
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This required ratio between length 26 and width 27 
is at least about two to one. These ratios are sufficient to prevent 
appreciable diffusion through the openings 25 when the fan 40 is 
turned off while permitting convective air flow therethrough 
5 when the fan 40 is turned on. The use of larger ratios between 
length 26 and width 27 is preferred. Depending upon the nature 
of the battery 10, the ratio can be more than 200 to 1. 

In use, ambient air is drawn into the air inlet 30 by 
pull of the fan 40 when the fan 40 is turned on. As is shown by 

0 the arrows 45 in Fig. 1, the air is then drawn through.the fan 40 
and into the air plenum SO. The air enters the air plenum 
through air plenum inlet 55. travels though the pathway 60 to ' 
provide a reactant air flow for the cells 15, and exits via the aicS 
plenum outlet 65. The air is then again drawn imo the fan Am 

5 where it either mixes when fresh incoming ambient air or ism 
forced out of the housing 20 via air ouUet 35. When the fan 40^^ 
is turned off. the rate of diffusion of air through the openings 25 
is reduced to acceptable levels such that a mechanical air door is 

not required. , 
0 As is shown in Figs. 1 and 4, the invention mcludes a 

voltage monitor 100 to determine the voltage across the cell 15 
or other electrical characteristics and to control the operation of 
the fan 40. The voltage monitor 100 can be positioned at any 
convenient location within or adjacent to the housing 20; The 
25 preferred voltage monitor 100 is a programmable voltage 
detection or sensing device such as that sold by Maxim Integrated 
* #¥0i^feer the mark MAX8211 and MAX8212. Depending 
'^Wil^SmKd operation of the fan, the voltage monitor 100 
m^W^^alog circuit for a simple "on/off switch or can 
Mliiir^^a microprocessor (not shown) for a more complex 
""^^il^^e voltage monitor 100 of Figs. 1 and 4 is an analog 
circuit. 

The voltage monitor 100 detenriines tiie voltage 
across the air electrode 150 of the ceU 15. The air electrode 
3 5 150 is shown in phantom lines in Fig. 4. Because the zinc 
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potential within the air electrode 150 of each ceU 15 is relatively 
stable, the air electrode 150 is used to sense the residual oxygen 
in the cell 15. As the oxygen within the housing 20 is depleted, 
the voltage across each air electrode 150 diminishes. Likewise, 
5 as the flow of oxygen into the housing 20 increases, the voltage 
across the air electrode 150 increases. 

A preferred air electrode 150 is disclosed in 
commonly owned U.S. Patent No. 5,569,551 and commonly 
owned U.S. Patent No. 5.639,568, which are incorporated herein 

1 0 by reference. U.S. Patent No. 5,639,568 discloses a split anode 

for use with a dual air electrode metal-air ceU. Although the use. 
of the invention with a zinc-air battery is disclosed, this inventionv^f 
should be understood as being applicable to other types of metal-j^ 

air battery cells. ^ "'-i 

15 As is shown in Fig. 4. the voltage monitor 100' iSf^" 

connected to the cells 15 in a voltage monitor circuit 105 via: a&'- 
cathode tab 130 and an anode tab 140. The voltage monitor 
circuit 105 also includes the fan 40. All of the ceUs 15 within 
the housing 20 are connected in this circuit 105. The voltage' 

2 0 across the cells 15 is continually monitored to ensure that the 

voltage does not drop below a predetermined voltage Vpi. If the 
voltage does drop to Vp,, the fan 40 is turned on and then runs 
continuously until the voltage is increased to a second 
predetermined voltage Vp2. The fan 40 is then turned off and 

25 remains off until the voltage again drops to Vp|. The 
predetermined voltages Vp, and Vp2 are programmable values in 

vg^^^^^onitor 100. 

'W'^^^^m^ operation of the fan 40 is shown in Fig. 5. The 
^ ^^^^^^ an "on^ff• type witii predetermined vahies. As is 
- yP^Io^^mMp 201, the voltage monitor 100 measures the voltage 
" aif^tSair electrode ISO. In step 202. tiie voltage monitor 
100 determines if tiie voltage is less than or equal to Vpi. If so, 
the voltage monitor 100 turns on the fan 40 in step 203. If not, 
the voltage monitor 100 determines if the voltage is greater than 
3 5 or equal to Vp2 in step 204. If so, the voltage monitor 100 turns 
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off the fan 40 in step 205. If not, the voltage monitor 100 
returns to step 201. This algorithm may be modified to add an 
additional step of first checking if a load is present on the battery 
10. If so, the voltage monitor 100 proceeds to step 201 as 
5 shown above. If not the fan 40 will remain in the off state. 

Alternatively, the speed of the fan 40 maybe altered 
depending upon the drain rate of the battery 10 as a whole or 
other electrical parameters. In other words, the voltage monitor 
100 can be replaced with other types of conventional electrical 
1 0 sensors known to those practicing in the art. For example, a ^ 
conventional current sensor, i.e., a sense resistor, could be used^>^ 
This monitor 100 can set the speed of a variable speed fan 40 ^fe. >^;._ 
a function of current draw. Instead of the algorithm of Fig. 5^^>^_- 
the circuit 105 would contain a conventional microprocessor vnt^^:^^"^ 

1 5 a look-up table to compare the determined current draw with^^^fe^^ 

voltage input value for the fan 40. The input voltage and spee%mm^ 
of the fan 40 varies with the determined output current drain. 
The physical arrangement of the components in this embodiment 
is the same as that described above. 

2 0 The operation of the invention is shown in an 

example using a six (6) volt battery 10; Such a battery 10 has 
five (5) metal-air cells 15. with each cell 15 having an output of 
about 1 .2 volt: or slighUy higher at about 1 to- 4 amps. An up- 
convertef (not shown) also may be used; The housing 20 has 
2 5 openings 25 with a length 26 to width 27 ratio of about four (4) 
topne .(l)i The gas flow through the housing when the fan 40 is 
; ;U^^i^^5 to about 30 cubic inches per minute for an output 
-^^e^^^ut I amp. When the fan 40 is turned off, the gas 
i^^^^^Keduced to about 0 to about 0.03 cubic inches per 
^ ^^ ^^^^^l^^Es, with a leakage current of less than 1 mA. The 
'^^Sti^^ut current density with the fan 40 turned on to drain 
current density with the fan 40 turned off is expected to be at 
least 100 to 1 in an efficient battery 10. It is understood that the 
respective sizes, capacities, densities, flow rates, and other 
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parameters discussed above are dependent upon the overall size 
and power requirements of the battery 10. 

The first predetermined voltage Vpi under which the 
voltage should not fall may be about 1.0 volts per cell 15 or 
5 about 5.0 volts for the battery 10 as a whole. The fan 40 is 
turned on when the voltage monitor 100 determines that the 
voltage of the battery 10 has reached about 1.0 volts per cell IS 
or about 5.0 volts for the battery 10 as a whole. The fan 40 then 
stays on until the voltage of the battery 10 reaches about 1.1 volts 
1 0 per cell 15. or about 5.5 volts for the battery 10 a wjiole The 
fan 40 remains off until the voltage again reached about 1.0 volts^i 
per cell 15 or about 5.0 volts for the battery 10 as a whole. , 
Assuming the drain rates given above, it would tak^^;^^ . - 
approximately one month for the six (6) volt battery 10 ofth^.^,^- 

1 5 present example to fade from about 1.1 volts per cell 15 ^f^'^^ 

1 0 volts per cell 15 to trigger the fan 40 during penods of tion^^^^- 
use The shelf life of the battery 10 would be at least several 
years The battery. 10 would be immediately ready for use 
without the need for any independem activation of the battery 10 

2 0 such as by turning on the fan 40 or by opening a mechamcal aur 

door. Rather, the battery 40 is ready for use. The activauon of a 
load on the battery 10 will cause the voltage across the ceUs 15 to 
drop as the oxygen within the housing 20 is consumed. This 
voltage drop will activate the fan 40 until the proper amount of 
2 5 oxygen is introduced into the housing 20 and the proper voltage 



^^^^^^f In addition to the present invention being self- 



^^^^^the present invention also provides an energy efficient 
'» m^M^ system. The efficiency of the battery 10 as a whole 
f^^^^ because the rumiing of the fan 40 is minimized, fig. 
6^is the energy to load ratio 300 of the present invention 
in terms of the energy to load ratio 310 of a battery without a fan 
and with the energy to load ratio 320 of a fan runmng constandy 
at various drain rates. As described above, most air manager 
3 5 systems either run the fan continuously or employ a vanable 
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speed fan as is described in Cheiky. As is shown in Fig. 6, the 
present invention provides efficiencies of essentially ninety 
percent (90%) of a air manager system without a fan. 

For example, the energy to load ratio 300 of the 
5 present invention in a six (6) volts battery is about 235 Wh while 
the energy to load ratio 310 of an air manager system without a 
fan is about 250 Wh. The energy to load ratio 320 of an air 
manager system with a fan running continuously is only about 
135 Wh. The pulsing fan operation of the present invention is 
1 0 therefore an improvement of almost 100 Wh as compared to a 
constantly running fan. The improvement is maintained until 
drain rates reach about 5 watts. At that point, the fan 40 of the 
present invention is essentially running continuously. 

Although these efficiencies may be possible with the 

1 5 variable speed fan of Cheiky, the present invention uses a simple 

on/off switch rather than the complex, load specific algorithm 
disclosed therein. In other words, Cheiky requires a specific 
algorithm for each different type of load. The present invention, 
however, is available to provide power to almost any type of ' 

2 0 electrical device. 

In sum, by pulsing the fan 40 as described herein, 

several goals are achieved: 

1. The life of the battery 10 is maximized from the 
standpoint of environmental exposure. In other words, only 

2 5 enough oxygen is admitted into the housing 20 as is needed to 

maintain the predetermined voltages. 

2. Power consumption of the fan 40 is minimized 
as a percentage of the power consumed by the battery 10 as a 
wholev For example, a fifty percent (50%) duty cycle may be all 

3 0 that is required at low drain rates. This decreases the overhead 

energy consumed by the battery 10 as a whole. 

3. Because die fan 40 runs in a duty cycle, the 
battery 10 as a whole is quieter than a battery 10 with a 
continuously running fan 40. 
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The present invention therefore can provide a battery 
10 with a relatively long shelf life without the need for a 
mechanical air door or a fan switch. The present invention can 
function as, for example, a power source of an emergency device 
5 than can be automatically activated because there is no need for a 
separate activation step. More importantly, the present invention 
provides for an efficient air manager system that minimizes the 
running of the fan 40 and the energy drain associated with the fan 
40. 

1 0 It should be understood that the foregoing relates 

only to preferred embodiments of the present invention, and that 
numerous changes may be made therein without departing from 
the spirit and scope of the invention as defined by the following 
claims. 



15 
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Claims 

We claim: 

5 1. An air manager system for a metal-air battery, 

comprising: 

a housing for enclosing at least one metal-air cell; 
said at least one metal-air cell comprising an air 

electrode; 

1 0 said housing having at least one air inlet opening and 

at least one air outlet opening; 

a fan positioned to force said air into said air inlet 
opening and out of said air outlet opening when said fan is turned 
on; 

1 5 said openings being unobstructed and said size of said 

openings substantially eliminating said air flow into said at least 
one air inlet opening and out of said at least one air oudet opening 
when said fan is turned off; and 

fan control means comprising voltage sensing means 

2 0 to monitor the voltage across said air electrode wherein the 

operation of said fan is responsive to said fan control means. 

2, The air manager system for a metal-air battery 
of Claim 1, wherein said fan control means turns said fan on 

2 5 when the voltage across said air electrode, as measured by said 

voltage sensing means, is less than or equal to a predetermined 
voltages ; ; _ 

3, The air manager system for a metal-air battery 

3 0 of Claim: 1, wherein said fan control means turns said fan off 

when the voltage across said air electrode, as measured by said 
voltage sensing means, is greater than or equal to a predetermined 
voltage. 
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4. The air manager system for a metal-air battery 
of Claim 1, wherein said voltage sensing means comprises a 
voltage monitor. 

5 5. The air manager system for a metal-air battery 

of Claim 1, wherein said air electrode comprises a zinc anode. 

6. The air manager system for a metal-air battery 
of Claim 1, wherein said at least one metal-air cell, said fan, and 

1 0 said fan control means comprise a circuit. 

7. The air manager system for a metal-air battery 
of Claim 1, said metal-air battery comprises a six volt battery 
with five metal-air cells. 

15 

8. The air maRager system of Claim 7, wherein 
said metal-air battery has an energy to load rating of about 230 
watt/hours at a drain rate of about 0.5 watt. 

2 0 9. The air manager system of Claim 7, wherein 

said metal-air battery has an energy to load rating of about 220 
watt/hours at a drain rate of about 1.0 watt 

10. The air manager system for a metal-air battery 

2 5 of Claim 7, wherein said fan control means turns said fan on 

when the voltage across said air electrode, as measured by said 
voltage sensing means, is less than or equal to a predetermined 
voltage and wherein said fan control means turns said fan off 
when the voltage across said electrode, as measured by said 

3 0^^" voltage- sensing means, is greater than or equal to a second 

predetermined voltage. 

1 1 . The air manager system for a metal-air battery 
of Claim 10, wherein said predetermined voltage is 

3 5 approximately 1.0 volt per cell. 
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12. The air manager system for a metal-air battery 
of Claim 10, wherein said second predetermined voltage is 
approximately 1.1 volt per cell. 
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13- A self-regulating air manager system for a 
metal-air battery, comprising: 
a battery housing; 

at least one metal-air cell within said housing; 
5 said metal-air cell comprising an air electrode; 

a fan positioned within said housing; 

said housing comprising at least one air inlet sized to 
permit the entry of oxygen when said fan is on and to prevent 
substantially the transfer of gasses when said fan is off; 
1 0 said housing comprising at least one air outlet sized 

to permit the exit of gasses when said fan is on and to prevent 
substantially the transfer of gasses when said fan is off; and 

a voltage sensor circuit comprising said fan, said at 
least one metal-air cell, and a voltage monitor to determine the 

1 5 voltage across said metal-air cell, such that said voltage monitor 

operates said fan in response to indications of the voltage across 
said metal-air cell. 

14. The self-regulating air manager system for a 

2 0 metal-air battery of Claim 13, wherein said voltage monitor 

determines if a load is present on said metal-air battery. 

15. The self-regulating air manager system for a 
metal-air battery of Claim 14, wherein said voltage monitor turns 

2 5 said fan on when the voltage across said metal-air cell is less than 

or equal to a predetermined voltage after said voltage monitor 
determines that said load is present on said metal-air battery. 

16. The self-regulating air manager system for a 

3 0 metal-air battery of Claim 13, wherein said voltage monitor turns 

said fan on when the voltage across said metal-air cell is less than 
or equal to a predetermined voltage. 



i 
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17. The self-regulating air manager system for a 
metal- air battery of Claim 13, wherein said voltage monitor turns 
said fan off when the voltage across said metal-air cell is greater 
than or equal to a second predetermined voltage. 

5 

18. The self-regulating air manager system for a 
metal-air battery of Claim 17, wherein said voltage monitor 
leaves said fan off until the voltage across said metal-air cell is 
again less than or equal to said predetermined voltage. 
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19. A method for controlling air flow in a metal- 
air battery, comprising the steps of: 

confining at least one metal-air cell within a housing, 
said at least one metal-air cell comprising a air electrode, and said 
5 housing comprising a fan therein, at least one unobstructed air 
inlet opening, and at least one unobstructed air outlet opening; 

turning said fan on when the voltage across said air 
electrode is less than or equal to a predetermined voltage so as to 
circulate air through said housing; and 
1 0 turning said fan off when the voltage across said air 

electrode is greater than or equal to a second predetermined 
voltage. 

20, The method of Claim 19, further including the 
1 5 step of determining whether there is a load on said battery before 

turning said fan on when the voltage across said air electrode is 
less than or equal to said predetermined voltage. 
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21. A apparatus for controlling air flow in a 
metal-air battery, comprising: 
a housing; 

said housing comprising a fan therein, at least one 

5 unobstructed air inlet opening, and at least one unobstructed air 

outlet opening; 

at least one metal-air cell confined within said 

housing; 

said at least one metal-air cell comprising a air 

1 0 electrode; 

means for turning said fan on when the voltage 
across said air electrode is less than or equal to a predetermined 
voltage so as to circulate air through said housing; and 

means for turning said fan off when the voltager 
15 across said air electrode is greater than or equal to a second- 
predetermined voltage. 
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22. A apparatus for controlling air flow in a 
metal-air battery, comprising: 
a housing; 

said housing comprising a fan therein, at least one 
5 unobstructed air inlet opening, and at least one unobstructed air 
outlet opening; 

at least one metal-air cell confined within said 

housing; 

means for determining the current draw on said 

1 0 battery; and 

means for controlling the speed of said fan in 
response to said determination of said current draw. 
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